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Importance of the tubulointerstitium in human glomerulonephritis. H.
Distribution of integrin chains l, al to 6 and aV. Accumulation of
extracellular matrix is important in the progression of glomerulonephritis.
Since adherent cell types utilize integrins to bind and organize extracel-
lular matrix proteins, we have assessed expression of the /31 integrins in
sequential sections from 85 human renal biopsies and 4 normal kidneys by
immunohistochemical staining. Our results demonstrate strong correla-
tions between expression of the a5 chain within the interstitium, the aV
chain on proximal and distal tubular epithelium and the presence of
chronic histological damage. Moreover, staining for interstitial aS and
proximal and distal tubular aV were also strongly associated with expres-
sion of certain adhesion molecules (ICAM-1, VCAM-1, E-selectin and
L-selectin) and the presence of macrophages within the interstitium,
which have been linked, in an earlier study, with the degree of chronic
histological damage and disease progression. However, in contrast to our
earlier study of adhesion molecules, there were also associations between
expression of integrin chains within the glomerulus and tubulointerstitium.
For example, there were strong positive associations between staining for
a5 on glomerular endothelium and its expression on extraglomerular
vascular endothelium and between both mesangial al and podocyte a3
and tubular staining for the common /31 subunit. While the functional
significance of these associations is obscure, they suggest some kind of
communication between cells in different sites in the kidney. There were
also positive associations between staining for different integrins within
the glomerulus, notably mesangial cell staining for a2, glomerular endo-
thelial cell staining for aS and glomerular epithelial cell a3. These results
suggest that there is a coordinated upregulation of integrin expression
both within the tubulointerstitium and the glomerulus and that at least
some of these integrins (interstitial a5 and distal tubular aV) are
associated with the expression of other adhesion molecules, macrophage
infiltration and the presence of markers of disease progression (interstitial
fibrosis and tubular atrophy).
Glomerular cell proliferation and extracellular matrix (ECM)
protein deposition are key features of glomerulonephritis. Inte-
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grins are known to be involved in both of these processes,
particularly extracellular matrix deposition where they are recep-
tors for matrix proteins such as collagen, laminin and fibronectin
and are essential for ECM assembly [1—3]. It has been recognized
for some time that integrins can activate a number of intracellular
signalling pathways, so leading to the concept of outside-in
signalling, where integrin binding of an extracellular substrate
conveys information to the cell. More recently, the ability of
cellular activation to alter the extracellular function of integrins
has been recognized (inside-out signalling) [4].
The integrins are cell surface glycoproteins which comprise two
non-covalently linked chains, a and /3. There are at least 13 a
chains that can link with one or more of 10 /3 chains [1, 5]. A
number of the integrin a chains that are the subject of the present
report are usually coupled with the /31 chain and are sometimes
known, therefore, as the /31 integrins. There are at least nine
potential a chains which can link to 131 (al to 8, also known as
VLA-1 to -8, and aV); most are receptors for extracellular matrix
proteins (Table 1), although VLA-4 (a4f31) is a ligand for
VCAM-1 and so also functions as a cell adhesion molecule. In
addition, a4, a6 and aV are able to couple with different /3 chains,
leading to an alteration in function (Table 1).
Many in vitro studies of cells of renal origin have described the
importance of the /31 integrins in cell-matrix adhesion, extracel-
lular matrix deposition and the modulation of cellular prolifera-
tion. For example, Cybulsky et al showed that the increase in
phospholipid turnover that follows the attachment of glomerular
epithelial cells to collagen is mediated by /31 integrins [6]. Also, it
is now recognized that the antibody that causes passive Heymann
nephritis (anti-FxIA) binds /31 integrins in addition to other
antigens such as gp 330 [7, 8]. This antibody inhibits the adhesion
of cultured glomerular epithelial cells to a variety of ECM
substrates and causes a reversible rounding up of these cells due
to loss of cell-matrix adhesion. This could be relevant to podocyte
retraction and effacement seen in many renal diseases associated
with proteinuria. Expression of the /31 integrins can be modified
by a number of cytokines including transforming growth factor-/3
(TGF-/3), tumor necrosis factor-a (TNF-a), and y-interferon [1,
9]. These cytokines have been implicated in the pathogenesis of
glomerulonephritis [10], and it appears likely, therefore, that
cytokine-induced changes in /31 integrin expression could play a
role in the pathogenesis of glomerulonephritis. This hypothesis is
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Table 1. Potential ligands for integrin a chains when associated with
different /3 chains
a chain /3 chain Ligands
al /31 collagen IV, collagen I, laminin
a2 /31 collagen I, collagen IV, (laminin)
a3 /31 epiligrin, laminin, collagen 1, flbronectin
a4 /31
/37
fibronectin (alt splice), VCAM-1
fibronectin (alt splice), VCAM-1
Peyer's patch addressin
a5 /31 fibronectin
a6 /31
/34
laminin
(laminin)
aV /31
/33
/35
/36
/38
fibronectin, vitronectin
flbrinogen, fibronectin, von Willebrand's factor,
vitronectin, thrombospondin
vitronectin
fibronectin
vitronectin
supported by studies in the Thy 1.1 model of mesangial prolifer-
ative glomerulonephritis showing that /31 integrins are up-regu-
lated in concert with extracellular matrix proteins and the pro-
matrix cytokine TGF-/3 [11].
A number of authors have described the pattern of /31 integrin
expression in normal human kidney [12—14]. More recently, a few
studies have described the pattern of expression of the /31
integrins in diseased human kidneys [15, 16]. All have shown
alterations in the pattern and intensity of expression in diseased
kidneys, suggesting that these molecules are important in the
pathogenesis of glomerulonephritis in vivo. To date, however,
there has been no attempt to correlate the pattern of /31 integrin
expression with other markers of inflammation (adhesion mole-
cules and macrophage infiltration) and the degree of histological
damage.
The aims of this study, therefore, were: (1.) to assess the pattern
of expression of different /31 integrins in the same renal biopsy;
(2.) to correlate the expression of different /31 integrins with each
other and with the degree of chronic histological damage, adhe-
sion molecule expression, and the presence of macrophages; and
(3.) to assess changes in expression of different /31 integrins in
biopsies with severe chronic histological damage (interstitial
fibrosis and tubular atrophy) as compared to those with mild
damage.
METHODS
Renal biopsies
Eighty-nine tissue blocks were used in this study. These com-
prised 85 renal biopsies and 4 controls (non-involved pole of
tumor nephrectomy specimens or biopsies from patients with thin
basement membrane nephropathy). Tissue samples were obtained
from two Glasgow hospitals (Glasgow Royal Infirmary and the
Western General Hospital) and the Aberdeen Royal Infirmary,
Aberdeen, Scotland, United Kingdom. Specimens were snap
frozen in liquid nitrogen and stored at —70°C until required.
Histological diagnoses were supplied by the contributing Pathol-
ogy Department and are listed in Table 2. Data concerning
adhesion molecule expression (ICAM-1, VCAM-1, E-selectin and
L-selectin), the presence of infiltrating macrophages, and chronic
histological damage in sections from these biopsies has been
Table 2. Renal biopsy diagnoses
No. Diagnosis N
Break up according to degree
of chronic histological damage
N/A 0 0.5 1+ 2+ 3+
1. IgA nephropathy 19 5 2 4 2 2 4
2. Other proliferative 7 1 1 1 4 0 0
3. Vasculitis 6 0 0 0 2 1 3
4. Crescentic 5 1 0 0 1 1 2
glomerulonephritis
5. Focal and segmental 10 2 1 1 1 3 2
glomerular sclerosis
6. Minimal change disease 9 2 1 2 3 1 0
7. Membranous 7 3 0 0 1 2 1
glomcrulonephritis
8. Amyloidosis 4 0 0 0 0 1 3
9. Intersitial nephritis/acute 3 1 0 0 0 1 1
tubular necrosis
10. SLE 5 2 0 1 0 1 1
11. Controls 4 1 1 1 0 1 0
12. Others 10 2 0 0 2 2 4
Description of biopsies used in this study according to the diagnosis and
the degree of chronic histological damage using a semiquantitative scoring
scale (see Methods): N/A = no information available, 0 = no damage, 0.5
= possible damage, 1+ = mild damage, 2+ = moderate damage, 3+ =
severe damage.
reported in a companion paper [17] and those data have been
used again in this study for correlations with integrin expression.
In addition, data from the companion paper on the expression of
a4/31 (VLA-4), a /31 integrin, have been quoted again with that of
other /31 integrins for the sake of completeness.
Monoclonal antibodies
The anti-/31 integrin monoclonal antibodies used in this study
were anti-al (VLA-i; TS2/7, T Cell Diagnostics), anti-cx2
(VLA-2; AK7, Serotec), anti-a3 (VLA-3; P1B5, Chemicon Inter-
national), anti-a5 (VLA-5; SAM-i, Serotec), anti-a6 (VLA-6;
GoH3, Serotec), anti-aV (VNR-147, Chemicon International),
and anti-common j31 chain (4B4, Coulter Immunology). Optimal
dilutions for each antibody were obtained by titration experiments
using normal and diseased human kidney. In this study, integrins
will be named according to their chains. As a number of a chains
link up only with /31, their expression denotes the presence of the
corresponding VLA molecule (for example, ai expression essen-
tially denotes the presence of al/31 or VLA-1). This does not hold
true for a4, a6 and aV, which can form complexes with a number
of different /3 chains (Table 1).
Immunohistochemistry
Six micron thick sections were cut on a cryostat at —20°C and
then stored at —70°C until required. A standard alkaline phos-
phatase anti-alkaline phosphatase immunohistochemical tech-
nique was used [18] as previously described [17]. Negative controls
comprised both normal and diseased kidneys in which the primary
antibody was omitted.
Scoring of stained sections
All sections were examined by a pathologist who was blinded to
their identity. Anatomical areas were chosen for scoring based
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upon a preliminaiy survey of staining patterns obtained with
normal and abnormal tissues. A semiquantitative scoring scale
from 0 to 3 was used as follows: 0 = no specific staining, 0.5 =
possibly positive, 1 + = weakly positive, 2+ = moderately posi-
tive, 3+ = strongly positive. Scoring was generally influenced by
the extent rather than the intensity of staining.
Histological regions scored for staining with individual mono-
clonal antibodies are listed below.
al. Glomerular mesangium, glomerular endothelium, tubules
(proximal and distal), extraglomerular vessels (media and peritu-
bular capillaries), and interstitium (extracellular matrix and fibro-
blasts).
a2. Glomerular mesangium, distal and collecting tubules, and
extraglomerular vessels (media and endothelium).
a3. Glomerular epithelial cells, tubules (distal), and extraglo-
merular vessels (media).
a4. Glomerulus, periglomerular region, interstitium and focal
interstitial infiltrates (data extracted from [17], companion paper).
a5. Glomerular endothelial cells, extraglomerular vessels (me-
dia and endothelium), interstitium, and interstitial infiltrate.
a6. Glomerular endothelial cells, tubules (proximal and distal),
and extraglomerular vessels (endothelium).
aV. Glomerular epithelial cells, tubules (proximal and distal),
and extraglomerular vessels (media and peritubular capillaries).
Common 131 chain. Glomerular epithelial cells, tubules (proxi-
mal and distal), extraglomerular vessels (endothelium and peritu-
bular capillaries), and interstitium.
Adhesion molecule expression
As previously reported [17], staining for tubular ICAM-1 and
VCAM-1, endothelial E-selectin, interstitial L-selectin and infil-
trating macrophages (interstitial and in focal interstial infiltrates)
was assessed. These scores were then used to establish correla-
tions with integrin staining in these biopsies.
Chronic histological damage
All the biopsies had previously been assessed for the degree of
tubular atrophy and interstitial fibrosis [17]. The following scoring
scale was used: 0 = no damage, 0.5 = possibledamage, 1 + = mild
damage, 2+ = moderate damage, 3+ = severe damage. Biopsies
with a histological damage score of 0 to 1 + (nil to mild damage)
were compared against biopsies with a histological score of 2 to
3+ (moderate to severe damage) in some analyses.
Statistics
Spearman's correlation coefficient was used to identify correla-
tions between: (a) integrin expression and macrophage infiltration
in the same biopsy; (b) expression of integrins arid adhesion
molecules in the same biopsy; (c) integrin expression and the
degree of chronic histological damage in the same biopsy; and (d)
expression of different integrins in the same renal biopsy.
The Mann-Whitney U-test was used for comparing integrin
expression in biopsies classified as showing severe histological
damage (2 to 3+) as compared to biopsies with mild histological
damage (0 to 1+). All statistics were performed using the Statview
Student Statistical Software Package (Abacus Concepts Inc.,
1991). A P value of < 0.01 was considered to be significant.
RESULTS
Distribution of integrins in normal kidney
al. al was strongly expressed by the glomerular mesangium
with some weak expression by glomerular endothelial cells. Out-
side the glomerulus, al was expressed on the basal surface of
proximal and distal tubules, the arterial media of extraglomerular
vessels, and, sometimes, by the peritubular capillaries. The inter-
stitium (fibroblasts and extracellular matrix proteins) was also
positive for al (Fig. 1).
a2. a2 was strongly expressed by the glomerular mesangium
and by distal and collecting tubules. There was no staining of
proximal tubules or the interstitium. The endothelium and media
of extraglomerular vessels stained weakly (Fig. 2).
a3. This was strongly expressed by glomerular epithelial cells
adjacent to the glomerular basement membrane, with weak
staining only of the distal and collecting tubules. The media of
extraglomerular vessels was weakly positive (Fig. 3).
a4. Small numbers of alpha 4 positive cells were found in the
glomerular, periglomerular and interstitial areas (data taken from
[171).
a5. aS was present on the glomerular endothelium and on the
endothelium and media of extraglomerular vessels. Interstitial
cells also expressed some a5. Bowman's capsule cells were
positive (Fig. 4).
a6. This was expressed weakly by glomerular endothelial cells
and on the basal aspect of both proximal and distal tubules. The
endothelium of extraglomerular vessels was weakly positive but
the interstitium was negative.
alt'. aV was expressed by glomerular epithelial cells and by
proximal and distal tubules. The interstitium was negative but
there was staining of the media of arterioles and, weak capillaiy
positivity (Fig. 5).
Common 131 chain. The 131 chain was present on all cell types
within the glomerulus but was most strongly expressed by glomer-
ular epithelial cells. It was also present on both proximal and
distal tubules and within the interstitium. There was some expres-
sion by mesangial cells and by the extraglomerular vascular
endothelium.
Distribution of integrins in diseased kidney
The basic pattern of expression of the integrins in diseased
kidney was similar to that in the control sections. There were,
however, a number of differences mainly related to infiltrating
cells and the presence of interstitial and glomerular fibrosis. The
major differences were:
Scarring/fibrosis. There was increased expression of at (Fig. 6)
and a5 (Figs. 7 and 8) within the interstitium in regions of scarring
and fibrosis in certain biopsies (Table 4). Some biopsies showed
increased staining for a2 in areas of scarring, while others had
decreased expression. This could perhaps be related to the stage
of fibrosis. Expression of aV was increased in areas of periglo-
merular fibrosis, but only in some biopsies.
Interstitial infiltrates, aS (Fig. 7), a4 [171 and the common j31
chain were present on inflammatory infiltrates within the glomer-
ulus, in the periglomerular region and in the interstitium (see also
Table 4 for quantification of increased expression of a5 in biopsies
with severe chronic histological damage). a2, a3 and aV were not
expressed by infiltrating cells in any of the biopsies.
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Fig. 1. Staining for a! in normal kidney. Note the expression on the basal surface of proximal and distal tubules, and by the peritubular capillaries.
Within the glomerulus, the mesangium and endothelium are also positive (original magnification X200).
Fig. 2. a2 in normal kidney. Expression is seen in the mesangium of the glomerulus (original magnification X400).
Fig. 3. a3 in normal kidney. Staining is present on visceral and parietal glomerular epithelial cells (original magnification x400).
Fig. 4. a5 in normal kidney. VLA-5 is present on the glomerular endothelium and some cells of Bowman's capsule. Peritubular capillaries are also
positive (original magnification X200).
Fig. S. Staining for aV in normal kidney. Strong expression is shown on glomerular epithelial cells and the basal aspect of proximal and distal tubules
is also positive. The interstitium was negative but there is staining of the media of an arteriole (original magnification X200).
Fig. 6. a! in IgA nephropathy. Increased expression within the interstitium (original magnification X200).
Crescents. There was strong expression of aV within glomerular
crescents (Fig. 9).
Tubular staining. There was a vety marked increase in isV expres-
sion by proximal and distal tubules in diseased kidneys (Fig. 10).
Glomerulus. There was no obvious change in the expression of
different ci and 13 chains in diseased glomeruli as compared to
control biopsies, except for an increase in the mesangial expres-
sion of cii in some biopsies from patients with IgA nephropathy.
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Fig. 7. a5 in membranous glomerulonephritis. VLA-5 is expressed by cells in a focal leukocytic infiltrate and constitutively on the endothelium and
media of an arteriole and the endothelium of a venule. Some cells in the increased interstitial connective tissue (probably fibroblasts) are also positive
(original magnification X200).
Fig. 8. a5 in IgA nephropathy. Increased endothelial cell staining within the glomerulus. Also, outwith the glomerulus there is expression by fibroblasts
and infiltrating leukocytes (original magnification X400).
Fig. 9. aV in crescentic glomerulonephritis. Strong staining in a fibrocellular crescent (original magnification X400).
Fig. 10. V in focal and segmental sclerosis. Note the markedly up-regulated tubular expression, mainly on the basal aspect (original magnification
x200).
Spearman's correlations between expression of integrins and
adhesion molecules, the extent of macrophage infiltration, and the
degree of chronic histological damage in the same renal biopsy
Integrins and macrophage infiltration (Table 3). There was a
strong and significant positive correlation between tubular (prox-
imal and distal) expression of aV and the presence of macro-
phages within the interstitium and in focal interstitial infiltrates. A
similar correlation existed between expression of cr3 on distal
tubular cells and the presence of macrophages within the inter-
stitium. Expression of cr4 by infiltrating cells within the intersti-
tium and in focal infiltrates correlated strongly with the presence
of macrophages within the interstitium and in focal interstitial
infiltrates. There was also a strong correlation between interstitial
staining for cr5 and the presence of macrophages in the intersti-
tium and between the expression of cr5 by cells present in focal
interstitial infiltrates and macrophages in these infiltrates. There
were no significant correlations between the interstitial expression
of cr4 and aS and the presence of macrophages within the
glomerulus (data not shown).
Adhesion molecules and integrins. There was a strong and
significant correlation between expression of cr5 within the inter-
stitium and tubular expression of ICAM-l, VCAM-1, the pres-
ence of L-selectin on infiltrating cells and de novo expression of
E-selectin on extraglomerular vascular endothelium (Table 3). A
similar correlation was present for aS expression by cells present
in focal interstitial infiltrates, tubular expression of ICAM-1 and
the expression of E-selectin on extraglomerular endothelium. As
previously shown [17] cr4 expression by infiltrating interstitial cells
also correlated strongly with the tubular expression of ICAM-1
and VCAM-1, with the endothelial expression of E-selectin and
with the presence of L-selectin in interstitial infiltrates. Expression
of csV by tubular cells (proximal and distal) was linked to a
spectrum of inflammatory markers including tubular ICAM-1 and
VCAM-1, E-selectin expression on extraglomerular endothelium,
and staining for L-selectin on infiltrating cells. Other correlations
between the /31 integrins and inflammatory markers included a
link between tubular expression of the /31 common chain and
VCAM-1 and interstitial cells expressing L-selectin. There was
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Table 3. Representative correlations between specific alpha and beta integrin chains, expression of other adhesion molecules and the degree of
chronic histological damage
ICAM (T) VCAM (T) E Sd (Endo) L Sel (Tnt) Mø (Int) Mø (Tnf) Damg
cr3 (T) 0.23 (0.8211) 0.58 (0.0011) 0.32 (0.0736) 0.40 (0.043) 0.59 (0.0003) 0.25 (0.1595) 0.38 (0.398)
cr4 (Tnt) 0.63 (0.0001) 0.53 (0.0001) 0.51 (0.0001) 0.55 (0.0001) 0.56 (0.0001) 0.51 (0.0001) 0.55 (0.0001)
cr5 (Tnt) 0.61 (0.0001) 0.41 (0.0036) 0.64 (0.0001) 0.51 (0.0006) 0.47 (0.0011) 0.27 (0.0707) 0.62 (0.001)
cr5 (Tnf) 0.53 (0.0002) 0.35 (0.0131) 0.39 (0.0092) 0.37 (0.0120) 0.36 (0.0121) 0.55 (0.0002) 0.41 (0.0063)
cry (T) 0.55 (0.0001) 0.58 (0.0001) 0.56 (0.0001) 0.62 (0.0001) 0.52 (0.0003) 0.48 (0.0009) 0.58 (0.0001)
f31 (T) 0.13 (0.4122) 0.41 (0.0077) 0.19 (0.2372) 0.46 (0.005) 0.24 (0.1221) 0.08 (0.6318) 0.18 (0.2470)
Spearmans correlation coefficients between adhesion molecules (ICAM-1, VCAM-1, E-selectin, L-selectin), macrophages (Mø) and integrin chains
(alpha 3, alpha 4, alpha 5, alpha V and beta 1), within the tubules (T), endothelium (Endo), interstitium (Tnt) and focal interstitial infiltrates (Inf) of
renal biopsy specimens (numbers in brackets indicate P values).
Table 4. Tntegrin expression in biopsies with differing grades of chronic
histological damage
Degree of chronic histological damage
0 0.5 1 2 3
cr3 (T) 1 1.5 1.72 2.0 1.85
cr4 (Tnt) 1.29 1.55 1.7 1.85 2.51
cr4 (Tnf) 0.5 1.0 1.85 2.1 2.8
aS (Tnt) 0 0 0 0.4 0.77
cr5 (Inf) 0 0.125 0.71 0.91 1.07
aV (T) 1.4 1.33 1.66 1.8 2.46
/31 (T) 1.5 1.17 1.18 1.22 1.6
The mean values for intensity of expression of representative integrins
according to the degree of chronic histological damage (0 to 3+) using a
semiquantitative scoring scale (0 no specific staining, 0.5 possibly
positive, 1 + = weakly positive, 2 + = moderately positive, 3 += strongly
positive). Biopsies with a damage score of 0 to 1 were considered to have
mild disease while those with a score of 2 to 3 were considered to have
severe disease for the purposes of statistical analyses (see Results). Note
the steady increase in the expression of cr4 and cr5 (in interstitial and focal
infiltrates) and tubular aV in biopsies with an increasing severity of
chronic histological damage. Abbreviations are: Tnt, interstitial infiltrate;
Inf, focal interstitial infiltrates; T, tubules.
also a strong correlation between the expression of cr3 (distal
tubules) and VCAM-1 on renal tubular cells.
Integrins and the degree of chronic histological damage. The
degree of chronic histological damage correlated strongly with
expression of cr4 and cr5 within the interstitium and in focal
interstitial infiltrates and with the tubular expression of crV (Table
3). Table 4 describes the intensity of staining (0 to 3+) for
representative integrins based on the degree of chronic histolog-
ical damage (0 to 3+).
Correlations between expression of integtins in the same renal
biopsy. (i) Correlations between integrin expression on infiltrating
cells and in the tubulointerstitium. cr4 and cr5 were the main (31
integrins present on infiltrating cells in renal disease. cr4 expres-
sion by infiltrating cells in the periglomerular region, within the
interstitium and in focal interstitial infiltrates correlated strongly
with the interstitial expression of cr5 (r = 0.441, P = 0.0013) and
tubular expression of aV (r = 0.501, P = 0.0002). There was also
a significant correlation between the expression of cr4 and cr5 in
focal interstitial infiltrates (0.485, P = 0.0005). The presence of an
interstitial infiltrate (non-focal) expressing cr4 was associated with
tubular expression of the common j31 chain (0.387, P = 0.0005)
and expression of cr5 by the extraglomerular vascular endothelium
(0.379, P = 0.0058). Also, the presence of cr4 in interstitial
infiltrates, while positively linked with the expression of cr5 by the
extraglomerular vascular endothelium (0.404, P = 0.0036), was
negatively correlated with expression of the common J31 chain by
peritubular capillaries (—0.446, P = 0.0035).
Expression of cr5 by an interstitial infiltrate was positively
correlated with aV expression by tubular epithelial cells (0.392,
P = 0.0094). Interestingly, there was a strong negative correlation
between the presence of an interstitial infiltrate that expressed cr5
and (a) the intensity of cr3 expression by tubular epithelial cells
(—0.606, P = 0.0068), and (b) expression of the common f31 chain
by peritubular capillaries (—0.519, P = 0.0082).
(ii) Correlations between integrin expression in the glomerulus and
in the tubulointerstitium. There were relatively few correlations
between the glomerular and tubulointerstitial expression of the /31
integrins. The intensity of tubular expression of the common (31
chain was significantly correlated with mesangial cell expression of
cr1 (0.478, P = 0.0046) and visceral glomerular epithelial cell
(podocyte) expression of cr3 (0.505, P = 0.0043). Also, expression
of cr5 by glomerular endothelial cells was positively correlated
with its presence on the extraglomerular vascular endothelium
(0.464, P = 0.0006).
(iii) Correlations between expression of different integrins within
the glomerulus. Staining for cr3 on glomerular epithelial cells
correlated strongly with mesangial cell staining for cr2 (0.5 36, P =
0.0024) and glomerular endothelial cell expression of cr5 (0.693,P = 0.0006).
(iv) Correlations between tubulointerstitial expression of integrins.
These included: (a) a strong positive correlation between expres-
sion of cr5 on the extraglomerular vascular endothelium and
tubular staining for cr3 (0.7031, P = 0.0017) and crV (0.406, P =
0.007); (b) a negative correlation between expression of cr2 on
extraglomerular vascular endothelium and that of the /31 common
chain in the interstitium (—0.441, P = 0.0047); and (c) strong
positive correlations between the intensity of expression of crV on
tubular epithelial cells with that of interstitial VLA-5 (0.501, P =
0.0009) and tubular (31 (0.509, P = 0.0062).
Comparison of integrin expression in biopsies with mild or
severe chronic histological damage
The biopsies were divided into two groups based on the severity
of chronic histological damage (interstitial fibrosis and tubular
atrophy). Biopsies with a damage score of 0 to 1 + were classified
as having mild damage, while biopsies with a damage score of 2 to
3+ were classified as having severe damage. Table 2 describes the
break up of biopsies according to both histological diagnosis and
the degree of chronic histological damage. Using the Mann-
Whitney U-test, the group with severe damage had a significantly
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greater expression of a5 in the interstitium (P = 0.0001) and aV
on both proximal and distal renal tubular epithelial cells (P =
0.0002). As previously shown [17] the presence of a4 on infiltrat-
ing cells within the interstitium and in focal interstitial infiltrates
was also increased in biopsies with a greater degree of chronic
histological damage (P = 0.0001). Table 4 describes the intensity
of staining (0 to 3+) for representative integrins based on the
degree of chronic histological damage (0 to 3+). As can be seen
the semiquantitative trends strongly support the formal statistical
analysis.
DISCUSSION
In a previous study [17] we reported that there was a strong
positive correlation between expression of different adhesion
molecules in certain areas of the same renal biopsy, irrespective of
the underlying histological diagnosis. These were: (1) expression
of a4, and L-selectin in the periglomerular region, interstitium
and in focal interstitial infiltrates and the presence of macro-
phages in these regions; (2) de novo tubular expression of ICAM-1
and VCAM-1; (3) staining for ICAM-1 and VCAM-1 on focal
cellular infiltrates within the interstitium; and (4) staining for
E-selectin on extraglomerular endothelium. All were indepen-
dently associated with the degree of chronic histological damage.
To these must now be added interstitial expression of a5 and
tubular expression of aV. Our data clearly show that tubular
(proximal and distal) expression of aV and interstitial expression
of a5 was greater in biopsies with a significant degree of chronic
inflammation (presence of interstitial macrophages and tubuloin-
terstitial adhesion molecules; ICAM-1/VCAM, L-selectin and
E-selectin).
Up-regulation of interstitial a5 and tubular aV (proximal and
distal) in biopsies with a greater degree of chronic histological
damage raises the possibility that these particular integrins may
play a role in the pathogenesis of chronic progressive renal
disease. Alternatively, increased expression of these molecules
might be an epiphenomenon reflecting a non-specific response to
a greater degree of inflammation or fibrosis. There are, unfortu-
nately, no in vivo data available concerning the effects of blocking
or enhancing the activity of specific /31 integrins in animal models
of chronic progressive renal disease that might help to answer this
question. What might be the possible mechanisms by which
increased expression of a5 within the interstitium and aV on
tubular epithelial cells could translate into interstitial fibrosis and
tubular atrophy (currently the best predictors of progression in
glomerulonephritis [19—21])?
Increased a5 expression, probably by interstitial fibroblasts, is
most likely associated with organization of the increased cxtracel-
lular matrix seen in damaged kidneys. a5 plays an important role
in the assembly of fibronectin into an insoluble extracellular
matrix [22, 23], Fibronectin is, of course, a major constituent of
fibrotic tissue in the kidney [24]. Although altered a5 expression
may reflect increased numbers of interstitial fibroblasts in dis-
eased kidneys rather than any change in a5 regulation in individ-
ual cells, the net effect would be to increase the ability of cells in
the interstitium to organize fibronectin into a matrix.
The presence of both a4 and aS on infiltrating cells is another
way in which fibronectin deposition may contribute to interstitial
inflammation. As mentioned above, we have previously reported
[171 that expression of a4 (VLA-4) on infiltrating interstitial cells
was associated with chronic histological damage and the cohort of
changes in adhesion molecule expression noted earlier. In addi-
tion to its role as counter-receptor for VCAM-1, a4 (VLA-4) is
an alternative receptor for one of the splice variants of fibronectin
[25, 26]. This could provide a mechanism for its localization to
areas of fibronectin synthesis and, therefore, scarring and inflam-
mation. In the present study, the expression of both a4 and a5 on
focal cellular infiltrates was strongly correlated with the presence
of macrophages within these infiltrates. It is possible that a5
present on infiltrating macrophages and T cells binds to fibronec-
tin in diseased tissue and so promotes inflammatory cell adhesion
and tissue localization.
The aV chain can associate with five different /3 chains (/31, /33,
/34, (36, (38) and functions as a receptor for extracellular matrix
proteins, particularly vitronectin. aV is probably involved, there-
fore, in tubular cell binding to the increased extracellular matrix
seen in disease, although why this might be necessary is not clear.
Vitronectin increases in glomerular disease [27, 281, so that it is
not unexpected that its major receptor is increased on cells in the
vicinity. The mechanism for tubular activation of aV is unknown.
It is up-regulated in concert with ICAM-1 and VCAM-1, which
are known to be increased in diverse cell types by acute pro-
inflammatory stimuli such as IL-I and TNF. Activation of NF-KB
is reported to be a prerequisite for transcription of ICAM-1 and
VCAM-1 following cellular activation by some of these stimuli
[29]. Although the factors that regulate aV have not been well
described, its promoter has not been reported to contain NF-KB
binding sites [301. Despite co-regulation, therefore, the mecha-
nism leading to increased expression of aV, ICAM-1 and
VCAM-1 on tubules might not be the same. One other interesting
finding concerning aV was its presence in glomerular epithelial
crescents, an observation also reported by Shikata et a! [15] who
were able to co-localize vitronectin in crescents, thus suggesting
that aV acts as a vitronectin receptor in crescents. Fibronectin,
however, is very abundant in crescents and is reported to be the
predominant extracellular matrix component in acute cellular
crescents [24], so aV may also function as a fibronectin receptor
in this location.
Distal tubular staining for a3 was also associated with tubular
expression of VCAM-1 and the presence of interstitial macro-
phages, but there was no independent correlation with chronic
histological damage or the other markers (ICAM-1, E-selectin
and L-selectin) associated with interstitial aS and tubular aV. It is
possible that a3 also behaves in a similar manner to tubular a5
and aV but that this has not been demonstrated in the present
study. Correlations between tubular expression of a3 and other
variables also serve to highlight some of the difficulties present in
attempting to explain some of the data obtained. Tubular a3 was
strongly associated with extraglomerular vascular endothelial cell
expression of a5 and tubular expression of VCAM-1, but nega-
tively correlated with the presence of aS on interstitial infiltrates.
The mechanisms leading to such associations are obscure at the
present time. Also unexplained is the association between a4 and
aS on interstitial cell infiltrates and decreased expression of the
common /31 chain by peritubular capillaries.
An interesting feature which was not found in our previous
study of adhesion molecule expression [17] was a relationship
between glomerular and extraglomerular staining for some inte-
grins. Mesangial al and podocyte a3 were both positively associ-
ated with tubular expression of the common 131 subunit. More-
over, aS expression on glomerular endothelium was strongly
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linked to its presence on extraglomerular vascular endothelium.
This suggests that events in the glomerulus and tubulointerstitium
are linked, an obvious conclusion but one that was not apparent in
the previous study of molecules which would be considered to be
more pro-inflammatory [17J. Similarly, there was an association
between integrin expression within the glomerulus, where podo-
cyte a3 was associated with mesangial cell expression of al and
glomerular endothelial cell a5. This finding suggests that there is
a relationship between these cell types in glomerular disease.
In conclusion, our results suggest the presence of communica-
tion between cells in different locations in human renal disease.
The mediators responsible for this proposed cellular cross-talk,
however, remain to be identified. We believe that this is the first
study to formally link expression of specific integrin chains
(especially /31 integrins) with progressive human renal disease.
Further studies aimed at unravelling the mechanisms or mediators
involved in the coordinated expression of integrins in different
renal diseases may allow these critical molecules to become the
target of therapeutic interventions aimed at preventing the pro-
gression of renal disease.
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